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(54) LASER CUTTING METHOD AND LASER CUTTER 

(57) A development of a laser cutting method and a 
laser cutter in which the adverse effects such as self 
burning to the cutting surface can be prevented, when 
the material is cut at a high speed, has been desired. 

In order to achieve the object, the present invention 
provides a laser cutting method and a laser cutter in 
which a cutting laser beam 22 is applied to a material 25 
to be cut at a cutting point 26, while ejecting gases 23 
and 24 to the cutting point 26 or its surrounding area 
from a plurality of nozzle openings 30 and 31 arranged 
in a ring or in a line, wherein the oxygen concentrations 
of the gases 23 and 24 ejecting from at least one of the 
nozzle opening 30 and 31 are changed to adjust the 
oxygen concentration distribution in an area within sev- 
eral millimeters of the cutting point 26; thereby the cut- 
ting quality can be improved. 



Fig. 3 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a laser cuffing s 
method and a laser cutter. 

BACKGROUND ART 

[0002] When mild steel is cut with a laser having a to 
small power relative to the thickness of the mild steel, 
sufficient cuffing laser energy can be obtained at the 
vicinity of the surface of the mild steel at which the laser 
is applied. However, there are many cases in which suf- 
ficient cutting laser energy cannot arrive at the inside of is 
the mild steel. Therefore, in recent years, high concen- 
trationJpj£ity) oxygen (having a concentration (purity) 
of y 99j^crmore) is supplied to the vicinity of the cut- 
ting point by use a co-axial double nozzle 1a and 1b as 
shown in Figures 1 0 and 1 1 , a co-axial triple nozzle (not 20 
shown in Figures), or an auxiliary nozzle 2 as shown in 
Figure 12. Thereby, a sufficient oxygen concentration 
for cutting the inside of the mild steel is maintained. 
Heat is generated due to the oxidation reaction between 
steel and the supplied oxygen, and the heat compen- 25 
sates for the deficiency of laser energy of the laser cut- 
ter. 

[0003] In the laser cuffing method using the co-axial 
double nozzle 1 or the auxiliary nozzle 2, only the oxy- 
gen quantity is adjusted, and the oxygen concentration 30 
is not adjusted. Therefore, it is difficult to maintain a suit- 
able cutting quality when the thickness or the kinds of 
the material to be cut is changed. An excess combus- 
tion heat is generated due to the small change in condi- 
tions when the material is cut, and easily adversely 35 
effects to a quality of the cut surface. 
[0004] That is, when the mild steel is cut at a high 
speed (1 .5 m/min or greater), a high temperature area 3 
(represented by a two-dot dashed line in Figures 13 and 
1 4) suitable for combustion between oxygen and steel is 40 
generated at the cutting surface behind the cutting point 
in a cutting direction, rather than the forward to the cut- 
ting point in a cutting direction by the influence of the 
heat conductivity and the thermal diffusivity, as shown in 
Figures 13 and 14. Then excess combustion energy 45 
adversely effects to the cutting surface and the cutting 
quality. Consequently, for example, as shown in Figure 
15, a normal cutting quality can be obtained at the vicin- 
ity of the surface 4 of the material to be cut; however, an 
abnormal cutting quality is often obtained on the inside so 
of the material to be cut In addition, a self burning phe- 
nomenon, dross adhesion, or cutting notch generation 
easily occurs on the inside of the material. Therefore, it 
is impossible to sufficiently improve the cutting quality. 
When the laser beam pulse is output continuously in 55 
order to cut the material at a high speed, the frequency 
of occurrence of the seH^byjriin g^ phenomenon 
increases. Therefore, in order to prevent the occurrence 



of the self burning phenomenon, usually the laser beam 
pulse is intermittently output. However, when the laser 
beam pulse is intermittently output, the cutting speed 
decreases. 

[0005] When the laser cutter applying a laser beam 5 
and a cutting gas (high concentration oxygen) 6 and 6 
from the same nozzle shown in Figures 13 and 14 is 
used, the cutting gas 6 and 6 diffuses more widely than 
the diameter of the laser beam 5. The gas stream of the 
cutting gas 6 consequently generates behind the cutting 
point in a cutting direction. When the diameter of the 
nozzle is set so as to equal the diameter of the laser 
beam, the combustion energy at the high temperature 
distributional area formed behind the cutting point in the 
cutting direction, increases due to oxygen. Therefore, it 
is impossible to solve the problem. The cutting quality 
depends on the position of the center of the laser beam 
5. In order to adjust the proper diameter of the nozzle 
against laser beam diameter 5, it is necessary to fre- 
quently change the nozzle. 

DISCLOSURE OF INVENTION 

[0006] Therefore, the object of the present invention is 
to provide a laser cutting method having the following 
effects: 

(a) the oxygen concentration distribution can be 
easily changed in an area within several millimeters 
of the cutting point by changing the oxygen concen- 
tration of the gas ejecting from a plurality of noz- 
zles; thereby the cutting quality can be improved, 

(b) the adverse effects to the cutting surface such 
as self burning phenomenon, can be prevent by 
decreasing the oxygen concentration behind the 
cutting point in a cutting direction; thereby a high 
cutting quality can be obtained, and 

(c) these effects can be obtained; thereby a high 
cutting quality can be obtained even when the 
material is cut at a high speed. 

In addition, the object of the present invention 
is to provide a laser cutter having the following 
effects: 

(d) gas supplying means having an oxygen concen- 
tration changing function can respectively eject a 
gas containing a required amount of oxygen, and 
the oxygen concentration distribution can be easily 
changed in an area within several millimeters of the 
cutting point; thereby a high cutting quality can be 
easily obtained, and 

(e) an oxygen concentration distribution can be 
easily and exactly changed by a control device for 
controlling the mass flow rate of the ejecting gas; 
thereby the cutting quality can be improved. 

[0007] The laser cutting method of the present inven- 
tion comprises the step of applying a cutting laser beam 
to a material to be cut at a cutting point while ejecting 
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gas to the cutting point or its surrounding area from a 
plurality of nozzles arranged in a ring or in a line, 
wherein the oxygen concentration of the gas ejecting 
from at least one of the nozzles is changed to adjust the 
oxygen concentration distribution in an area within sev- 5 
eral millimeters of the cutting point, and the oxygen con- 
centration at the vicinity of the cutting point is made 
different to the oxygen concentration at the area sur- 
rounding the vicinity of the cutting point. It is possible to 
obtain an oxygen concentration suitable for laser cutting 70 
at the cutting point and another oxygen concentration 
suitable for preventing the disadvantages such as the 
self burning phenomenon in the area surrounding the 
cutting point, therefore, a high cutting quality can be 
obtained by the laser cutting method of the present 75 
invention. 

[0008] Many oxygen concentration distributions can 
be obtained in the laser cutting method of the present 
invention. In order to obtain a high cutting quality, the 
most suitabl e oxygen concentration d istribution is 20 
formed depending on the cutting conditions . Moreover, 
even while the material is being "cut, it is possible to 
change the oxygen concentration distribution. 
[0009] The oxygen concentration distribution prefera- 
bly comprises a hi gh oxvoen co nrpntration at the vicin- 25 
ity of the cutting point and a lo w oxygen co ncentration 
behind the cutting point in a cutting direction. The oxy- 
gen concentration distribution can be formed by ejecting 
the gas containing oxygen at a high concentration from 
the at least one nozzle, and ejecting the other gas con- 30 
taining oxygen at a low concentration. Thereby, the high 
oxygen concentration (having a concentration of 99.5 % 
or more) suitable for a laser cutting can be maintained in 
the vicinity of the cutting point Moreover, the other oxy- 
gen concentration suitable for preventing the combus- 35 
tion between oxygen and steel can be maintained 
behind the cutting point in a cutting direction, and the 
generation of the self burning phenomenon, dross 
adhesion, or the like can be prevented. 
[0010] In order to prevent the generation of the self 40 
burning phenomenon and the like, it is preferable to set 
the oxygen concentration at the downstream in an eject- 
ing direction of the gas stream low. However, it is more 
preferable to maintain the oxygen concentration ensur- 
ing the laser cutting at the downstream in the ejecting 45 
direction of the gas stream. 

[0011] In addition, the laser cutting method of the 
present invention has the following effects: 

(1) a high cutting quality can be obtained even so 
when a laser beam comprising a continuous pulse 

is used; therefore, a cutting speed can be improved, 

(2) it is possible to adjust the variation of the cutting 
conditions such as a thickness of the material to be 

cut by changing the oxygen concentration or the ss 
flow rate of the gas containing oxygen at a low con- 
centration and the gas containing oxygen at a high 
concentration; therefore, an exchanging the nozzle 



is not necessary and the cutting efficiency can be 
improved, and 

(3) a melting material generated at the cutting point 
can be easily removed; therefore, the cutting quality 
at the cutting point can be also improved. 

[0012] The aforementioned "a plurality of nozzle open- 
ings" denotes a plurality of nozzle openings formed in 
one nozzle, a plurality of nozzle openings comprising a 
plurality of nozzles, a plurality of nozzle opening includ- 
ing auxiliary nozzle openings, and a plurality of nozzle 
openings assembled these nozzle openings. The noz- 
zle may not eject the gas parallel to the laser beam. 
Some nozzles preferably eject the gas at an angle to the 
laser beam. When the nozzles eject the gas at an angle 
the laser beam, the required oxygen concentration can 
be easily adjusted. Moreover, it is more preferable to 
randomly range the nozzles each other so as to eject 
the gas to the different directions. Thereby, the required 
oxygen concentration can be more easily adjusted. 
[0013] A laser cutter of the present invention com- 
prises a plurality of nozzles arranged in a ring or in a 
line, and gas supplying means for supplying the gas to 
the nozzles and changing the oxygen concentration of 
the gas, wherein the oxygen concentration of the gas 
ejecting from the nozzles is changed by the gas supply- 
ing means. Therefore, the oxygen concentration distri- 
bution required in the laser cutting method of the 
present invention is easily adjusted. Moreover, when the 
cutting conditions such as the thickness of the material 
to be cut are changed, the required oxygen concentra- 
tion distribution can be easily prepared by changing the 
gas quantity using the gas supplying means. Thereby, 
the cutting quality can be easily improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] 



Fig. 1 shows the preferred laser cutter according to 
the present invention. 

Fig. 2 shows the first preferred embodiment of the 
laser cutting method according to the present 
. invention, and is a planar view showing the vicinity 
of the cutting point when the co-axial double nozzle 
is used. 

Fig. 3 is a sectional view of Fig. 2, and shows the 
oxygen concentration distribution prepared by the 
high concentration oxygen and the low concentra- 
tion oxygen ejecting from the co-axial double noz- 
zle. 

Fig. 4 shows the effects obtained from the first pre- 
ferred embodiment of the laser cutting method 
according to the present invention, and shows the 
roughness of the cutting surface with respect to the 
distance from the top surface when mild steel hav- 
ing a thickness of 12 mm is cut. 
Fig. 5 shows the effects obtained from the first 
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embodiment of the laser cutting method according 
to the present invention, and shows the roughness 
of the cutting surface with respect to the distance 
from the top surface when mild steel having a thick- 
ness of 22 mm is cut. 

Fig. 6 shows the nozzle used in the first embodi- 
ment of the laser cutting method according to the 
present invention, and is a bottom view showing the 
nozzle comprising a center nozzle and a plurality of 
nozzles arranged in a ring so as to enclose the 
center nozzle. 

Fig. 7 shows the second embodiment of the laser 
cutting method according to the present invention, 
and is a sectional view showing the oxygen concen- 
tration distribution formed at the vicinity of the cut- 
ting point. 

Fig. 8 shows the second embodiment of the laser 
cutting method according to the present invention, 
and is a bottom view showing the nozzle compris- 
ing three nozzle openings arranged in a line. 
Fig 9 shows the effects obtained from the laser cut- 
ting method of the present invention, and is a per- 
spective view showing the cutting surface formed 
by me laser cutting method of the present invention. 
Ftg 10 is a sectional view showing the co-axial dou- 
ble nozzle 

Fig n ts a bottom view showing the co-axial dou- 
ble nozzle shown in Fig. 10. 
Fig 12 shows the auxiliary nozzle. 
Fig 13 shows the problems to be solved of the 
present invention, and is a plan view showing the 
vicinity of the cutting point when the co-axial double 
nozzle is used. 

Fig. 1 4 is a sectional view showing the co-axial dou- 
ble nozzle shown in Fig. 13. 
Fig. 15 shows the problems to be solved of the 
present invention, and is a perspective view show- 
ing the cutting surface formed by the conventional 
laser cutting method. 

MODES FOR CARRYING OUT THE INVENTION 

[0015] Hereinbelow, embodiments of the present 
invention will be explained in detail with reference to Fig- 
ures 1 to 9. 

[001 6] Figure 1 shows one embodiment of the laser 
cutter 10 of the present invention. The laser cutter 10 
shown in Figure 1 comprises a laser beam oscillator 
10a, a nozzle 1 1 , gas supplying means (a gas supplying 
apparatus) 12a and 12b for supplying gas to the nozzle 
11. The nozzle 1 1 further comprises openings 11a and 
11b. The gases supplied from the gas supplying means 
(gas supplying apparatuses) 12a and 12b eject from the 
openings 1 1a and 1 1b. That is. the nozzle 1 1 comprises 
the opening 11a for ejecting the gas supplied from the 
gas supplying means 12a and the other opening 1 1b for 
ejecting the gas supplied from the other gas supplying 
means 12b. 
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[0017] The high concentration oxygen having a con- 
centration of 99.5 % or more supplied from the oxygen 
resource 13 and a gas other than oxygen supplied from 
the gas resource 14 are mixed in the mixer 15. The 
mixer 15 supplies the obtained mixed gas containing the 
required amount of oxygen to the nozzle opening 11a. 
The oxygen supplied from the oxygen resource 13 flows 
into the mixer 15, via the concentration meter 16 and 
the mass flow controller (MFC) 17. The measuring sig- 
nal obtained in the concentration meter 16 and the 
mass flow controller 1 7 is transmitted to the concentra- 
tion controller 18. The mass flow rate of oxygen flowing 
into the mixer 1 5 is exactly calculated in the concentra- 
tion controller 18. The mass flow controller 17 functions 
as a mass flow rate meter for oxygen, and controls the 
mass flow rate of oxygen flowing into the mixer 15. 
[0018] The concentration controller 18 connects the 
mass flow controller 19 arranged in the gas passage 
between the gas resource 14 and the mixer 15, and out- 
puts the driving signal to the mass flow controller 19; 
thereby, the concentation controller 18 controls the flow 

rate of the gas flowing into the mixer 1 5. , 

F[001 9] Moreover, many kinds of gas can be used as a 
I gas supplied from the gas resource 14. For example, 
noncombustible gases such as nitrogen, argon, and 
carbon dioxide, and combustible gases such as com- 
pressed air, hydrogen, methane can be used. However, 
when compressed air is used, it is necessary to remove 
the impurities such as oil mist. 

[0020] The concentration controller 18 connects the 
input means 20 and the data table 21 . The cutting con- 
ditions such as a kind and a thickness of material to be 
cut, and a cutting speed are input to the concentration 
controller 18 by the input means 20. The data table 21 
accumulates the optimum oxygen concentrations 
depending on these cutting conditions. The concentra- 
tion controller 18 selects the optimum oxygen concen- 
tration from the data table 21 to adjust the inputs from 
the input means 20. Then the concentration controller 
18 controls the mass flow controller 19 based on the 
inputs, and adjusts the oxygen concentration and the 
\ flow rate of the mixed gas supplied to the nozzle open- 

/ipg 11a from the mixer 1 5. 

[0021] The other gas supplying means 12b connect- 
ing to the nozzle opening 11b comprises the same 
structure as the gas supplying means 12a, and supplies 
the mixed gas containing the required oxygen concen- 
tration at the required flow rate from the mixer 15 to the 
nozzle opening 11b These gas supplying means 12a 
and 12b connect to the same concentration controller 
18. The concentration controller 18 relatively adjusts the 
flow rate and the oxygen concentration of the mixed 
gases supplied from the gas supplying means 12a arid 
12b. The data table 21 accumulates also the data for 
relatively adjusting the flow rate and the oxygen concen- 
tration of the mixed gases supplied from the gas supply- 
ing means 1 2a and 1 2b. 

[0022] Moreover, the laser cutter of this embodiment 
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can comprise the nozzle comprising three or more 
openings, or three or more gas supplying means. 
[0023] The oxygen resource 13 usually supplies the 
oxygen having a required concentration and no impuri- 
ties; therefore, it is possible to omit the concentration 
meter 16. When the concentration meter 16 is omitted, 
the oxygen concentration of the oxygen supplying to the 
mass flow controller 17 is adjusted in the oxygen 
resource 13, depending on the cutting conditions. 
[0024] Hereinbelow, embodiments of the laser cutting 
method according to the present invention will be 
explained in detail. 

[0025] The first embodiment of the laser cutting 
method will be explained below. Figure 2 is a planar 
view showing the co-axial double nozzle, for example, 
shown in Figure 6. In Figure 2, reference numeral 22 
denotes a laser beam, reference numeral 23 denotes a 
gas containing oxygen at a high concentration (a con- 
centration of 99.5 % or more), reference numeral 24 
denotes a gas containing oxygen at a low concentration, 
and reference numeral 25 denotes a material to be cut 
(steel plate). 

[0026] The diameter of the laser beam 22 is in a range 
from 0.1 to 0.5 mm. The gas steam of the high concen- 
tration oxygen 23 diffuses at the area within approxi- 
mately 1.5 mm of the laser beam 22. Furthermore, the 
gas stream of a mixed gas 24 diffuses to the area sur- 
rounding the gas stream of the high concentration oxy- 
gen 23. The mixed gas 24 comprises oxygen and the 
gas other than oxygen such as nitrogen. The oxygen 
concentration of the mixed gas 24 is lower than that of 
the high concentration oxygen 23. 
[0027] The high concentration oxygen 23 and the 
mixed gas 24 can be easily formed by the laser cutter 1 0 
shown in Figure 1 . Moreover, the high concentration 
oxygen 23 and the mixed gas 24 respectively denote 
the gas containing oxygen at a high concentration and 
the gas containing oxygen at a low concentration in 
Claim 2. 

[0028] Figure 3 is a sectional view showing the oxygen 
concentration distribution at the vicinity of the cutting 
point 26 made by applying the laser beam 22 at the sur- 
face of the material 25 to be cut. 

[0029] As shown in Figure 3, the laser beam 22 
straightly penetrates through the flat material 25 to be 
cut (steel plate). The gas stream of the high concentra- 
tion oxygen 23 maintains the fixed diameter from the 
nozzle opening to the top surface of the material 25 to 
be cut; however, the gas stream of the high concentra- 
tion oxygen 23 diffuses in the cut hole 27 (in general, 
being called cutting groove). The gas stream of the 
mixed gas 24 ejects parallel to the gas steam of the high 
concentration oxygen 23, flows into the cut hole 27, and 
diffuses to the center of the gas stream of the high con- 
centration oxygen 23 at the bottom of the cut hole 27. 
The gas stream of the high concentration oxygen 23 
and the gas stream of the mixed gas 24 are diffused and 
mixed at the bottom of the cut hole 27. Thereby, the 



intermediate oxygen concentration area 28 having an 
oxygen concentration intermediate between the oxygen 
concentration of the high concentration oxygen 23 and 
the mixed gas 24, is formed. The area having an oxygen 

5 concentration lower than the oxygen concentration at 
the vicinity of cutting point 26, is formed in the cutting 
hole 27 by the gas stream of the mixed gas 24 and inter- 
mediate oxygen concentration area 28. 
[0030] Moreover, in Figure 3, reference numeral 29 

10 denotes a nozzle comprising co-axial double nozzle 
openings 30 and 31. The high concentration oxygen 23 
ejects from the inner nozzle opening 30. The mixed gas 
24 ejects from the outer nozzle opening 31 . 
[0031] According to the cutting method of the first 

15 embodiment, the material is cut in the high concentra- 
tion oxygen 23. The combustion energy for iron and oxy- 
gen decreases behind the cutting point in the moving 
direction of the laser beam 22 indicated by the an arrow 
in Figure 3. Therefore, the generation of the self burning 

20 phenomenon, dross adhesion, or cutting notch can be 
prevented, and adverse effects to the cutting surface 
(wall of the cut hole 27) can be prevented. That is, the 
mixed gas 24 having a low oxygen concentration covers 
behind the high concentration oxygen 23 in a cutting 

25 direction, as shown in Figure 2. Therefore, the combus- 
tion energy for steel and oxygen at the cutting surface 
significantly decreases, the adverse effects due to the 
excess combustion energy to the cutting surface can be 
prevented, and the smooth cutting surface can be 

30 obtained. 

[0032] The oxygen concentration so as not to obstruct 
the cutting the material is maintained at the bottom of 
the cut hole 27 by the formation of the intermediate oxy- 
gen concentration area 28, as shown in Figure 3. There- 
35 fore, the generation of the self burning phenomenon, 
dross adhesion, or cutting notch can be prevented. A 
smooth cutting surface having no abnormalities shown 
in Figure 9, can be obtained. 

[0033] The generation of the melting material at the 

40 cutting point 26 can be easily prevented and the cutting 
quality at the cutting point 26 is improved by preventing 
the adverse phenomena such as self burning behind 
the cutting point 26. When the material is cut by a laser 
beam comprising a continuous pulse at a high speed, 

45 the laser beam does not adversely influence to the cut- 
ting surface. Therefore, the cutting speed increases. In 
addition, even when the material is cut at a high speed, 
a high cutting quality can be obtained. 
[0034] It is possible that the diameter of the laser 

so beam 22 corresponds to the variation of the cutting con- 
ditions such as a thickness of the material to be cut by 
only changing the diameter of the gas stream of the high 
concentration oxygen 23 and the gas stream of the 
mixed gas 24. or the oxygen concentration of the mixed 

55 gas 24. Therefore, in order to adjust the diameter of the 
laser beam, exchanging the nozzle is not necessary. 
Thus, the cutting efficiency can be improved. When the 
laser cutter shown in Figure 1 is used, the diameter of 
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the gas streams can be easily adjusted by changing the 
mass flow rate of the high concentration oxygen 23 and 
the mixed gas 24. Therefore, the cutting efficiency can 
also be improved. 

[0035] The laser cutter in which the gas having a 
required oxygen concentration directly supply to the 
nozzle openings 30 and 31 can also be used in the laser 
cutting method of this embodiment, in addition to the 
laser cutter 10 shown in Figure 1 . 
[0036] Figures 4 and 5 show the roughness Rz (>im) 
of the cutting surface when the laser cutting method of 
this embodiment according to the present invention and 
the conventional laser cutting method were performed 
under the same cutting conditions. 
[0037] In Figure 4, the laser beam output is 6 kW, the 
laser beam comprising a continuous pulse is used, the 
thickness of the material (steel plate: black mild steel) to 
be cut is 12 mm. In the laser cutting method (shown in 
Figure 3) of this embodiment, the oxygen having an oxy- 
gen concentration of 99.8 % is supplied from the inner 
nozzle opening 30, and the mixed gas having an oxygen 
concentration of 84.0 % is supplied from the outer noz- 
zle opening 31. In the conventional laser cutting 
method, oxygen having an oxygen concentration of 99.8 
% is supplied from the inner and outer nozzle openings 
30 and 31. 

[0038] The laser cutting conditions of Figure 5 are the 
same as those of the laser cutting conditions of Figure 
4, except that the thickness of the material to be cut is 
22 mm. 

[0039] As shown in Figures 4 and 5, the roughness Rz 
of the cutting surface formed by the laser cutting method 
of this embodiment is smaller than the roughness Rz of 
the cutting surface formed by the conventional laser cut- 
ting method, in both cases in which the thickness of the 
material to be cut is 12 mm and 22 mm. As shown in 
Figure 4, when the thickness of the material to be cut is 
12 mm, the roughness Rz of the cutting surface at the 
point about 3 mm away from the top surface is remark- 
ably improved. In addition, as shown in Figure 5, when 
the thickness of the material to be cut is 22 mm, the 
roughness Rz at every point of the cutting surface is 
remarkably improved. 

[0040] Therefore, the cutting quality is improved by 
forming the optimum oxygen concentration distribution 
in the cut hole in the laser cutting method of the present 
invention. The excellent effects which cannot be 
obtained by the conventional laser cutting method in 
which the mixed gases having a uniform oxygen con- 
centration are ejected from the nozzle openings, can be 
obtained by the laser cutting method of the present 
invention. 

[0041] Moreover, it is necessary that the ejecting con- 
ditions of the high concentration oxygen 23 and the 
mixed gas 24 correspond to the cutting conditions, in 
order to always obtain a high cutting quality. 
[0042] The present inventor has proved that the oxy- 
gen concentration of the high concentration oxygen 23 



supplied from the inner nozzle opening 30 is preferably 
99.5% or more. 

[0043] When the mild steel is cut under conditions in 
which the oxygen concentration of the high concentra- 

5 tion oxygen is 99.5 % or more, two kinds gas are used, 
that is, the high concentration oxygen and the mixed 
gas are used,; a laser beam comprising a continuous 
pulse is used, the output of the laser beam is 6 kW, and 
the thickness of the mild steel is 9 mm, then the oxygen 

10 concentration of the mixed gas is preferably 70 % or 
less. In this case, even when the oxygen concentration 
of the mixed gas is 0 %, it is possible to prevent the 
adverse effects due to the excess combustion energy to 
the cutting surface; therefore, a higher cutting quality 

75 than the cutting quality obtained by the conventional 
laser cutting method can be obtained. For example, 
when the mild steel having a thickness in a range from 
16 to 20 mm is cut under the above cutting conditions, 
the practical oxygen concentration of the mixed gas is 

20 50 % or more. When the mild steel is cut under cutting 
conditions in which the oxygen concentration of the 
mixed gas is less than 50 %, significant the dross adhe- 
sion occurs and the cutting quality decreases. There- 
fore, such cutting conditions are not suitable for practical 

25 use. When the thickness of the mild steel is 15 mm or 
more and the oxygen concentration of the mixed gas is 
too small, the disadvantages such as significant dross 
adhesion often arises. However, it is possible to prevent 
the arising of the disadvantages by maintaining the 

30 lower limit of the oxygen concentration of the mixed gas 
at 50 %. The higher limit of the oxygen concentration of 
the mixed gas is approximately 90 %. When the higher 
limit of the oxygen concentration of the mixed gas is 
more than 90 %, it is difficult to prevent these disadvan- 

35 tages from arising. When the thickness of the mild steel 
is 25 mm, the practical lower limit of the oxygen concen- 
tration of the mixed gas is 70 %. 
[0044] Many nozzles having a different structure can 
be used in the laser cutting method of this embodiment. 

40 [0045] The high concentration oxygen 23 and the 
mixed gas 24 shown in Figures 2 and 3 can be obtained 
by using an auxiliary nozzle. A plurality of auxiliary noz- 
zles can be used. 

[0046] Figure 6 is a bottom view showing one nozzle. 

45 [0047] The nozzle 32 shown in Figure 6 comprises the 
center nozzle opening 33 and three outer nozzle open- 
ings 34 enclosing the center nozzle opening 33 in a ring 
line. The high concentration oxygen is ejected from the 
center nozzle opening 33, and the mixed gas having a 

so low oxygen concentration is ejected from each the outer 
nozzle openings 34. When the nozzle 32 is used in the 
laser cutting method of the present invention, it is pref- 
erable to arrange one outer nozzle opening 34 in front of 
the cutting point in the cutting direction, and two other 

55 outer nozzle openings 34 and 34 behind the cutting 
point in the cutting direction. Thereby, the cutting quality 
can be improved more efficiently. That is, as shown in 
Figures 2 and 3, it is particularly important to decrease 
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the oxygen concentration beside and behind the cutting 
point 26. The area in which the oxygen concentration is 
low can be formed by ejecting the mixed gas from the 
outer nozzle openings 34 and 34 arranged behind the 
cutting point in the cutting direction. When the nozzle 32 
is used, it is possible to decrease reliably the oxygen 
concentration beside and behind the cutting point 26; 
therefore, the cutting quality can be reliably improved. In 
addition, the mixed gas ejected from the outer nozzle 
openings 34 does not entirely encircle the gas stream of 
the high concentration oxygen; therefore, the amount of 
the mixed gas used can be decreased. The cost for 
laser cutting can decreases. 

[0048] Moreover, this embodiment adopted a nozzle 
comprising three outer nozzle openings, but the nozzle 
is not restricted to 3 outer nozzle openings. It is also 
possible to arrange the outer nozzle openings so as to 
have a different opening shape round the center open- 
ing 33. 

[0049] It is further possible to eject the gases having 
a different oxygen concentration from a plurality of the 
outer nozzle openings surrounding the center nozzle 
opening 33. Thereby, it is possible to efficiently adjust 
the oxygen concentration distribution around the cutting 
point; therefore, a high cutting quality can be obtained. 
[0050] Hereinbelow, the second embodiment of the 
laser cutting method according to the present invention 
will be explained in detail with reference to Figures 7 
and 8. 

[0051 ] As shown in Figure 7, in this embodiment of the 
laser cutting method, two the gas streams 35 and 36 
having a high oxygen concentration of 99.5 % and the 
mixed gas stream 37 comprising oxygen and the gas 
other than oxygen such as nitrogen are ejected from the 
nozzle 40 to the vicinity of the cutting point 39a where 
the laser beam 39 is applied to the material 38 (steel 
plate) to be cut. As shown in Figures 7 and 8, the nozzle 
40 comprises three nozzle openings 41, 42, and 43 
arranged in a line. The high concentration oxygen is 
ejected from the nozzle opening 41 arranged in the front 
in the cutting direction and the nozzle opening 43 
arranged in the rear in the cutting direction, and the 
mixed gas 37 is ejected from the center nozzle opening 
42. 

[0052] Moreover, the high concentration oxygen 35 
and 36 and the mixed gas 37 respectively denote the 
gas containing oxygen at a high concentration and the 
gas containing oxygen at a low concentration in Claim 2. 
[0053] The high concentration oxygen 35 and 36, and 
the mixed gas 37 are respectively ejected from the noz- 
zle 40, and form the gas streams having a diameter of 
approximately 1.5 mm. The gas stream comprising the 
high concentration oxygen gas 35 ejected from the noz- 
zle opening 41 arranged in the front of the cutting direc- 
tion penetrates through the cut hole 44 formed in the 
material 38 to be cut, while the gas stream comprising 
the high concentration oxygen gas 35 encloses the 
laser beam 39. The mixed gas 37 forms the oblique gas 



stream ejecting behind the gas stream of the high con- 
centration oxygen 35 in the cutting direction. The gas 
stream of the mixed gas 37 interflows with the gas 
stream comprising the high concentration oxygen 35 at 
5 the portion at which from the center to the bottom (bot- 
tom in Figure 7) in the thickness direction of the material 
38 to be cut in the cut hole 44. The high concentration 
oxygen 36 forms the oblique gas stream ejecting behind 
the gas stream of the mixed gas 37 in the cutting direc- 
io tion. The gas stream comprising the high concentration 
oxygen 36 interflows with the gas stream of high con- 
centration oxygen 35 below the portion where the gas 
stream of the high concentration oxygen 35 and the gas 
stream of the mixed gas 37 interflow. 
15 [0054] The required laser cutting can be performed in 
the high concentration gas 35 at the upside of the cut 
hole 44. Behind the cutting point 39a in the cutting direc- 
tion, the combustion energy for iron and oxygen 
decreases due to the existence of the mixed gas 37. 
.20 Therefore, the generation of self burning and dross 
adhesion can be prevented. Below the cutting point 39a 
in the thickness direction of the material 38 to be cut, the 
: high concentration oxygen 35 and the mixed gas 37 are 
mixed, the intermediate oxygen concentration area 45 
25 having an oxygen concentration between the oxygen 
concentration of the high concentration oxygen 35 and 
the mixed gas 37, is formed. The laser cutting can be 
performed in this area; but the adverse effects such as 
self burning can be prevented. Below the intermediate 
: 30 oxygen concentration area 45 in the thickness direction 
of the material 38 to be cut, the stable oxygen concen- 
tration area 46 is formed. The high concentration oxy- 
gen 35 and 36. and the mixed gas 37 diffuses, and are 
mixed; thereby the stable oxygen concentration area 46 
35 is formed. The oxygen concentration at the stable oxy- 
gen concentration area 46 substantially equals to the 
oxygen concentration at the intermediate oxygen con- 
centration area 45. Behind the intermediate oxygen 
concentration area 45 in the cutting direction, the oxy- 
40 gen concentration increases due to the high concentra- 
tion oxygen 36. However, the intermediate oxygen 
concentration area 45 is separated from the cutting 
point 39a; therefore, the temperature at the intermedi- 
ate oxygen concentration area 45 is low, and the com- 
45 bustion energy for iron and oxygen decreases. The 
adverse effects such as self burning do not occur. 
[0055] Therefore, according to the laser cutting 
method of this embodiment, it is possible to prevent 
adverse effects such as self burning while maintaining 
so the cutting, due to the oxygen concentration distribution 
formed at the vicinity of the cutting point 39a. Conse- 
quently, the cutting quality can be improved. In addition, 
even when the thickness of the material to be cut is 
large, sufficient combustion energy for iron and oxygen 
55 can be maintained due to the stable oxygen concentra- 
tion area 46 formed by the high concentration oxygen 
37 below the intermediate oxygen concentration area 
45. Therefore, a high cutting quality can be obtained. 
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[0056] Moreover, according to the laser cutting 
method of this embodiment it is possible to easily adjust 
the position of the stable oxygen concentration area 46 
and the combustion energy distribution in the direction 
of the thickness of the material to be cut by changing the 5 4. 
flow rate of the high concentration oxygen 37. Even 
when the laser beam energy is small, the combustion 
energy at the stable oxygen concentration area 46 can 
be decreased by increasing the mass flow rate of the 
high concentration oxygen 37; therefore, excellent cut- 10 
ting properties can be maintained. In this case, the high 
concentration oxygen 37 does not influence to the orig- 
inal oxygen concentration of the cutting point 39a and 
the intermediate oxygen concentration area 45; there- 5. 
fore, the cutting property at the cutting point 39a and the 15 
intermediate oxygen concentration area 45 can be 
maintained. The combustion energy distribution can be 
easily adjusted, and the cutting quality can be easily 
improved. Moreover, the material 38 to be cut having a 6. 
large thickness can be efficiently cut due to the spread 20 
of the stable oxygen concentration area 46 by increas- 
ing the mass flow rate of the high concentration oxygen 
37. 

[0057] The present invention is not limited to the 
embodiments explained above, but the structure of the 25 
nozzles in the embodiments can be variously modified 
within the scope of the claimed invention. 7. 
[0058] Moreover, according to the laser cutting 
method of the present invention, when the co-axial dou- 
ble nozzle is used, it is possible to eject the gas having 30 
a low oxygen concentration from the inner nozzle open- 
ing, and the gas having a high oxygen concentration 
from the outer nozzle opening. 

Claims 35 



more, and the oxygen concentration of the gas con- 
taining oxygen at a low concentration is 90 % or 
less. 

A laser cutting method as claimed in Gaim 3, 
wherein the gas stream of the gas containing oxy- 
gen at a high concentration is formed around the 
laser beam having a diameter in a range from 0.1 to 
0.5 mm, and the gas stream of the gas containing 
oxygen at a low concentration is formed around the 
gas stream of the gas containing oxygen at a high 
concentration. 

A laser cutting method as claimed in Claim 4, 
wherein the lower limit of the oxygen concentration 
of the mixed gas is maintained at 50 %, when mild 
steel having a thickness of 15 mm or more is cut 

A laser cutter comprising a plurality of nozzle open- 
ings arranged in a line or in a ring, and gas supply- 
ing means for supplying gases to the nozzle 
openings and adjusting the oxygen concentration of 
the gases, wherein the gases ejecting from the noz- 
zle openings can be respectively adjusted by the 
gas supplying means. 

A laser cutter as claimed in Claim 6, wherein the 
gas supplying means comprises a mass flow rate 
controller for controlling the mass flow rate of the 
oxygen. 



1. A laser cutting method in which a cutting laser 
beam is applied to a material to be cut at a cutting 
point while ejecting gas to the cutting point or its 
surrounding area from a plurality of nozzles 40 
arranged in a ring or in a line, wherein an oxygen 
concentration of the gas ejecting from at least one 

of the nozzles is changed to adjust the oxygen con- 
centration distribution in an area within several mil- 
limeters of the cutting point. 45 

2. A laser cutting method as claimed in Claim 1, 
wherein a high oxygen concentration at the vicinity 
of the cutting point and a low oxygen concentration 
behind the cutting point in a cutting direction are so 
maintained by ejecting a gas containing oxygen at a 
high concentration from at least one of the nozzles 
and ejecting a gas containing oxygen at a low con- 
centration from the other nozzle. 

55 

3. A laser cutting method as claimed in Claim 2, 
wherein the oxygen concentration of the gas con- 
taining oxygen at a high concentration is 99.5 % or 
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